Staphylococcus aureus superantigens and bacterial biofi lms have been implicated in the development of chronic rhinosinusitis and nasal polyps. We conducted a study of 32 Lebanese patients-21 males and 11 females, aged 15 to 71 years (mean: 39)-to identify bacteria isolated from nasal polyps and to determine if these bacteria produced superantigens and biofi lms. Polyps were surgically removed, homogenized, and subjected to bacteriologic studies. Th e presence or absence of S aureus enterotoxin A, B, C, and D (superantigen) genes was determined in all isolates by polymerase chain reaction. Biofi lm production by coagulase-negative staphylococci and Pseudomonas aeruginosa was assessed by tissue culture plate assay. A total of 34 bacterial species/groups were isolated from the nasal polyps. Of these, only 3 (8.8%) were S aureus, and only 1 possessed an enterotoxin-coding gene (enterotoxin B). Moreover, of the 21 coagulase-negative staphylococci isolates that were found, none possessed the investigated genes, and only 1 had a strong biofi lm-formation property. Our results could not confi rm that S aureus enterotoxins (superantigens) or biofi lm-producing bacteria play a role in the development of nasal polyps in the Lebanese group studied. Volume 90, Number 4 www.entjournal.com ■ E7
Introduction
Nasal polyps are benign abnormal outgrowths or lesions that originate in portions of the nasal mucosa or paranasal sinuses. Th ey are considered an end result of various disease processes in the nasal cavities. Th ese fl uid-fi lled sacs contain edematous tissue and infi ltrating cells. 1 Th ey have been linked to chronic infl ammatory conditions such as asthma 2 and chronic rhinosinusitis, 3, 4 to microbial infections, and to aspirin hypersensitivity. 1 However, their specifi c etiology remains controversial. [5] [6] [7] Patients usually present with symptoms of nasal airway obstruction that oft en leads to sleep apnea, continuous rhinorrhea, chronic rhinosinusitis, and prolonged anosmia. 1 According to recent guidelines for primary care physicians published by the European Position Paper on Rhinosinusitis and Nasal Polyps Group, this entity should be formally called chronic rhinosinusitis with or without nasal polyps. 8 Examination of microbial organisms in the nasal cavity has revealed the presence of a diverse fl ora, consisting mostly of aerobic and anaerobic bacteria; fungi may also be present. Nasal bacteria include gram-negative organisms such as Moraxella catarrhalis, Haemophilus infl uenzae, Prevotella spp, Enterobacter spp, and Pseudomonas spp. 9, 10 Gram-positive organisms include streptococci, coagulase-negative staphylococci, and Staphylococcus aureus; the latter is considered to be a major contributing factor to the development and modifi cation of nasal polyposis. 6, 11, 12 Superantigens are important elements that infl uence a variety of diseases such as atopic dermatitis, 13 psoriasis, 14, 15 toxic shock syndrome, 16 as well as the development of nasal polyposis. 4, 6, 7, [11] [12] [13] [17] [18] [19] [20] It is believed that the main species involved in the exacerbation of nasal polyps is S aureus that harbors genes coding for enterotoxins. 2, 6, 11, 13, 17 with the 24-hour cultures and incubated under the same conditions, and diff erent colonies were identifi ed.
Bacterial identifi cation. Gram staining was performed on all isolates. Gram-positive cocci colonies were subcultured in broth and subjected to the catalase test. Catalase-positive gram-positive cocci were then subjected to the mannitol and coagulase tests, and catalase-negative gram-positive cocci were subjected to the bacitracin susceptibility test. Gram-negative bacteria were identifi ed directly by the API system (bioMérieux; Marcy l'Etoile, France).
Detection of enterotoxin A, B, C, and D genes by polymerase chain reaction (PCR) DNA extraction.
Five A600 units of an overnight culture were transferred into a 2-ml microcentrifuge tube that contained phosphatebuff ered saline. DNA was extracted from all bacterial In one study, 42.5% of S aureus strains isolated from nasal polyp patients and controls harbored at least one classic enterotoxin gene. 12 Th e secreted toxins coded for by these genes behave as superantigens, which, unlike conventional antigens, do not need processing. 3, 6, 7, 13, 17, 21 Superantigens induce the activation of numerous Tcell clones and a massive secretion of cytokines. Th us, superantigens have the ability to activate as much as 20% of the body's T cells, compared with only 0.001 to 0.0001% for regular antigens. [22] [23] [24] [25] Biofi lms are bacteria enclosed within a self-developed matrix of polysaccharides. Th ey adhere to both living and inert surfaces. Th is biofi lm form renders bacteria inaccessible to antimicrobial agents. Sanclement et al 26 and Sanderson et al 27 reported that the formation of bacterial biofi lms on the sinus mucosa was responsible for chronic rhinosinusitis.
We conducted a study to identify the aerobic bacterial species present in nasal polyps. S aureus isolates were tested for the presence of genes coding for enterotoxins (superantigens). Th e presence of these genes might support the concept that superantigens are involved in the development of nasal polyps. Moreover, detection of these genes in isolates other than S aureus was attempted to determine the possibility of horizontal gene transfer. Finally, the production of biofi lms by coagulase-negative staphylococci and Pseudomonas aeruginosa isolates was assessed. Sample collection. Polyp samples were surgically removed from various sites in the right and/or left nasal cavity. Samples included sinus polypoid mucosa and polyps from the ethmoid cavity, posterior ethmoid cavity, and sinus content. Th e medical history of all patients was recorded before their admission to surgery (table 1) .
Patients and methods
Tissue homogenization and bacterial culture. Polyp samples were homogenized in sterile saline with a sterile Tefl on homogenizer. Th e homogenate was inoculated into Mueller-Hinton broth and incubated at 37°C for 24 hours. Blood agar and MacConkey plates were streaked PCR was performed on all DNA samples using previously published primer sequences that amplify the staphylococcal enterotoxin A, B, C, and D genes. 14 Th e PCR mix preparation, amplification program, and amplicon detection are described in detail in a previous publication. 14 Detection of biofi lm-producing isolates by the tissue culture plate (TCP) assay. Th e TCP assay as described by Christensen et al 28 was used to determine if the coagulasenegative staphylococci and P aeruginosa isolates formed biofi lms. Each isolate was run in triplicate, and the test was repeated twice. Th e means of the three optical densities (ODs) for each isolate and negative control (sterile broth) were calculated. Th e mean OD value pertaining to a negative control was subtracted from the mean value of each test sample. For the purpose of data interpretation, OD values obtained for individual strains of staphylococci described by Christensen et al 28 was used. Isolates with mean OD values less than 0.120 were considered nonadherent and thus weakly or non-biofi lm forming. Th ose with mean OD values between 0.120 and 0.240 were considered to be moderately adherent and thus moderately biofi lm forming. Isolates with mean OD values greater than 0.240 were considered to be strongly adherent with a high biofi lm-forming property.
Results
A total of 34 bacterial species/groups were isolated from nasal polyps (table 2) .
Gram-positive, catalase-negative cocci. Th ree isolates from 3 patients were streptococci. Of these, 1 was bacitracin-susceptible Streptococcus pyogenes (group A beta-hemolytic streptococci) and 2 were alphahemolytic streptococci (further identifi cation was not performed).
Gram-positive, catalase-positive cocci. A total of 21 isolates from 21 patients were coagulase-and mannitolnegative staphylococci. Another 3 isolates from 3 patients were coagulase-and mannitol-positive S aureus.
Gram-negative rods. Two patients each were found to have Citrobacter diversus, Enterobacter aerogenes, and Proteus mirabilis, while 1 patient had P aeruginosa (1 isolate for each patient).
Overall, 20 patients had a single isolate, 7 patients had more than one isolate, and 5 patients were bacteria-free (table 3) .
Detection of enterotoxin A, B, C, and D genes . PCR detected the enterotoxin B gene in 1 of the 3 S aureus isolates (fi gure). None of the other isolates possessed any S aureus enterotoxin genes.
Biofi lm-producing isolates. Only one coagulasenegative staphylococcal isolate appeared to be a biofi lm former. Its mean OD value of 0.263 indicated strong adherence. All other isolates were TCP-negative.
Discussion
While bacterial colonization has been implicated in the development of nasal polyps, the polyps in 5 of our patients were bacteria-free. However, this fi nding does not rule out infection as a cause of nasal polyps because other types of infectious agents-such as anaerobic bacteria, fungi, and viruses-were not investigated. Moreover, the presence of microorganisms could be transient, and therefore the culprit bacteria might not have been present at the time of sample collection.
Earlier reports indicated that S aureus was the predominant species isolated from nasal polyps. 9, 17 In a study by Hashemi et al, 26 .2% of bacteria isolated from a group of 42 chronic rhinosinusitis patients with nasal polyps were coagulase-negative staphylococci. 10 In our study, 61.8% of 34 isolates were coagulase-negative staphylococci, and only 8.8% were S aureus. Th ese variations might be accounted for by diff erences in environmental 
Staphylococcus aureus 3
Alpha-hemolytic streptococci 2
Citrobacter diversus 2
Enterobacter aerogenes 2
Proteus mirabilis 2
Pseudomonas aeruginosa 1 factors and the fact that the presence of certain bacteria might be transient. Superantigens produced by some strains of S aureus have been implicated in the exacerbation of nasal polyps. 2, 6, 11, 13, 17 Only 1 of the 3 S aureus isolates in our study possessed an enterotoxin gene (enterotoxin B). Enterotoxin B has been reported to attain its superantigen eff ect only when it binds strongly to a potent superantigen called SmeZ. [29] [30] [31] Our fi ndings do not concur with reports by others who contend that S aureus superantigens play a role in the development of nasal polyps. Furthermore, we ruled out the possibility that other bacterial species/ groups that we isolated had acquired S aureus enterotoxin genes via horizontal gene transfer. However, the role of superantigens cannot be disregarded, because we did not investigate superantigen-producing species other than S aureus. 32 Coagulase-negative Staphylococcus spp include S epidermidis, S haemolyticus, S hominis, S lugdunensis, S saprophyticus, S sciuri, and S warneri. In an earlier study from our institution, it was reported that most isolates from diff erent units of our hospital were S epidermidis. 33 It is no longer believed that coagulase-negative isolates are exclusively contaminants or members of the normal microbial fl ora. Th ey and other bacteria can form biofi lms, which are bacterial communities enclosed within a matrix of polysaccharides produced by the bacteria, and they can adhere to a humid surface. Th ey form a protective shield that allows the bacteria to survive in hostile environments. Biofi lms contain canals through which nutrients circulate to maintain the viability of the organisms. As mentioned, Sanclement et al 26 and Sanderson et al 27 reported on the presence of bacterial biofi lms on the sinus mucosa of humans with chronic rhinosinusitis. Th eir observation might be related to the hypothesis that most patients with nasal polyposis also experience chronic rhinosinusitis. 3, 13 However, of all the isolates we tested for biofi lm formation, only 1 showed strong adherence properties. Th us, our results do not support the hypothesis that biofi lms in the nasal cavities lead to the formation of polyps.
Streptococcus pyogenes 1
In conclusion, although S aureus was detected in only 3 patients, it might have been present in nasal polyps prior to sample collection, and it might have induced anti-S aureus enterotoxin antibody production, particularly the IgE class. Th us, detection of this specifi c antibody will be included in further studies. Moreover, further studies will focus on detecting the presence of other microorganisms such as fungi and anaerobic bacteria in nasal polyps, as well as the possibility that bacterial species/groups other than S aureus harbor superantigenic genes. Figure. Lane L represents the 100-bp ladder. Lanes 1, 5, and 9 show no amplifi cation of the enterotoxin A gene using DNA extracted from 3 S aureus isolates. In lanes 2 and 6, there is no amplifi cation of the enterotoxin B gene using DNA extracted from 2 S aureus isolates. Lane 10 does show amplifi cation of the enterotoxin B gene using DNA extracted from 1 S aureus isolate. Note the appearance of 802 bp. Lanes 3, 7, and 11 show no amplifi cation of the enterotoxin C gene using DNA extracted from 3 S aureus isolates. Lanes 4 and 8 show no amplifi cation of the enterotoxin D gene using DNA extracted from 2 S aureus isolates. Note that no amplifi cation (i.e., no band) indicates the absence of a gene. L 1 2 3 4 5 6 7 8 9 10 11
